Introduction {#sec1}
============

Most previous studies have introduced treatment methods for anterior crossbite only through case presentations concerning devices such as removable appliances,[@bib1] bonded resin composite slopes,[@bib2] and hexa helix,[@bib3] but quantitative research about tooth movement is rarely reported. Mershon[@bib4] first used the lingual arch in 1908. In the Mershon method, appliances were used at intervals throughout the growth period of a patient, producing changes as the child grows and develops, with frequent periods of rest during which the appliances are removed to allow natural adaptation of the teeth to their new positions. The lingual arch springs were soldered and bent for different uses. The author used the appliance for many types of orthodontic treatment, such as arch expansion, rotation correction, labial tooth movement, and tooth distalization. The lingual arch with finger springs (LAFS) was widely used for many years,[@bib5] but no relevant reports about the effect and efficiency of the appliance and tooth movement have been published. The objectives of this study were: (1) to introduce LAFS, which was used for correcting anterior crossbite; (2) to evaluate the changes in and efficiency of anterior crossbite correction by using cephalometric analysis; and (3) to identify the factors associated with changes in crossbite correction.

Material and methods {#sec2}
====================

Lingual arch with finger springs {#sec2.1}
--------------------------------

Mershon[@bib4] first used the lingual arch in 1908. The lingual arch springs were soldered and bent for different uses, such as arch expansion, rotation correction, labial tooth movement, and tooth distalization. In this study, a Mershon lingual arch was modified and used ([Figure 1](#fig1){ref-type="fig"}). This appliance was fixed and cemented on the upper first molars.Figure 1The appliance components were a lingual arch (0.036 inch), molar band, and finger springs (0.020 inch). The lingual arch was adapted to the linguogingival surfaces of the teeth. The finger springs comprised stress break, helix, and active arm components. The stress breaks absorbed force and prevented the breaking of wire from the soldering site. The helices were bent for increasing the resilience of the wire. The active arms were placed on the gingival side of crossbite teeth.Figure 1

Patients {#sec2.2}
--------

All samples were collected from Taipei Medical University Hospital, Taipei, Taiwan during 2011--2013. Ethical approval was obtained from the Institutional Review Board of Taipei Medical University. The inclusion criteria were as follows: (1) one or more incisors in crossbite; (2) no previous orthodontic treatment; (3) anterior crossbite corrected by using an LAFS; and (4) complete pretreatment and posttreatment orthodontic records. The exclusion criteria were: incomplete of treatment records and patients did not return for checkup on time. Initially, 52 patients were selected; however, 22 patients were excluded because of incomplete data or patient factors. Of the 22 patients, 19 did not have posttreatment cephalometric radiographs, two did not have initial cephalometric radiographs, and one did not return for treatment on time. According to the number of crossbite teeth, the patients were divided into three groups: Group 1 comprised eight patients with one tooth in crossbite; Group 2 comprised nine patients with two teeth in crossbite; and Group 3 comprised six patients with three teeth in crossbite and seven patients with four teeth in crossbite. The patients in Group 3 all had functional shift with edge to edge incisor relationship.

All correction appliances, namely, LAFS, were constructed by one of the authors. In our clinic, after the appliances were delivered, the patients were examined and the appliances were adjusted every 3 weeks or 4 weeks. Once the crossbites were corrected, intraoral photos and cephalometric films were acquired. Decisions to continue full-mouth orthodontic treatment or follow-up varied. For patients with permanent dentition, after crossbite correction, full-mouth orthodontic treatment was continued ([Figure 2](#fig2){ref-type="fig"}). Patients with mixed dentition were recalled every 3--6 months, and their parents were informed that anterior crossbite correction may be the first stage of orthodontic treatment.Figure 2Anterior crossbite correction using a lingual arch with finger springs (LAFS): (a) before treatment; (b) appliance delivery; (c) crossbite correction; (d) follow-up or continuous orthodontic treatment.Figure 2

Cephalometric tracing {#sec2.3}
---------------------

The pretreatment and posttreatment cephalometric radiographs of each patient were digitized and analyzed using Viewbox (version 3.1.1.14; dHAL, Kifissia, Greece). Viewbox was used for cephalometric tracing and designing the analysis methods ([Figure 3](#fig3){ref-type="fig"}). In this study, overjet and overbite were presented using the chosen crossbite tooth. In each case, the most anterior tooth in the crossbite was chosen and was a central incisor or a lateral incisor.Figure 3Cephalometric landmarks and reference plane. Left: A = point A; B = point B; E-line = P-Pog\'; FH plane = Po-Or; FMA = angle of FH plane and mandibular plane; Li = labrale inferius; Ls = labrale superius; mandibular plane = Go-Me; Me = menton; N = nasion; N-vertical line = perpendicular to FH plane; occlusal plane = overlapping cusps of first molars and tips of incisors; Or = orbitale; P = pronasale; Po = porion; Pog = pogonion; Pog' = soft tissue pogonion; PP = palatal plane (ANS--PNS); S = sella. Right: the horizontal line (*X*) was constructed according to the sella point by the SN plane minus 7°, and the vertical line (*Y*) was constructed perpendicularly to *X* through the sella point. Reference lines *x* and *y* were approximate to the true horizontal and the true vertical planes. Horizontally, a positive value represented anterior movement and a negative value represented posterior movement. Vertically, a positive value represented superior movement and a negative value represented inferior movement.Figure 3

For observing tooth movement in horizontal and vertical directions, two reference lines were constructed after referring to previous studies.[@bib6], [@bib7], [@bib8]

Measurement error and statistical analysis {#sec2.4}
------------------------------------------

All cephalograms were traced and digitized by an investigator. The same investigator randomly selected 10 of 30 patients, obtained a total of 20 cephalometric films, and remeasured them after at least 2 weeks. Random errors were estimated using Dahlberg\'s[@bib9] formula:$$\text{Se} = \sqrt{\left( {\sum{d^{2}/{2n}}} \right)}\text{,}$$where Se is the method error (or standard deviation of the difference of each of the paired measurements from its pair mean), *d* is the difference between the first and second recordings, and *n* is the number of radiographs replicated. The combined measurement error was 0.78° for angular variables and 0.63 mm for linear variables; all individual errors were within the acceptable range.

Paired *t* tests were used for comparing the pretreatment and posttreatment cephalometric values. The Kruskal--Wallis test and Mann--Whitney *U* test were used for identifying intergroup differences. Multiple regression analysis was performed for identifying the factors affecting changes in crossbite correction. Twenty independent variables were entered into the regression analyses. All tests were performed using SPSS software (version 17.0; IBM, Armonk, NY, USA).

Results {#sec3}
=======

Thirty patients (13 female and 17 male; mean age, 12.11 ± 1.13 years) were included ([Table 1](#tbl1){ref-type="table"}). Most of the patients were aged between 7 and 15 years; only three patients were older than 20 years. The mean treatment time of anterior crossbite correction was 49.33 ± 3.74 days. After anterior crossbite was corrected, 10 patients with early mixed dentition were followed up every 3--6 months. Those patients with late mixed dentition and permanent dentition underwent full-mouth orthodontic treatment after crossbite correction.Table 1Sample description.Table 1Group 1Group 2Group 3No. of patients8913Sex4 males/4 females6 males/3 females7 males/6 femalesAge (y)14.16 ± 3.2510.40 ± 1.1512.03 ± 1.53Overjet--1.83 ± 0.53--3.28 ± 0.61--2.96 ± 0.37Molar relationshipI472II313III118ANB (°)2.96 ± 0.600.77 ± 1.11−0.67 ± 0.56

Individual pretreatment and posttreatment comparisons {#sec3.1}
-----------------------------------------------------

Pretreatment and posttreatment changes in cephalometric measurements are listed in [Table 2](#tbl2){ref-type="table"}. For all patients, regarding skeletal variables, changes in the treatment effect were significant in SNB, ANB, Pog to Nv, FMA, and Wits (P \< 0.05). For dental variables, the changes were significant in overbite, overjet, U1-SN, U1-NA, U1 to NA, L1-NB, U6 to PP, and OP-SN (P \< 0.05). For soft tissue variables, the distance of the upper and lower lips to the E-line did not significantly change ([Figure 4](#fig4){ref-type="fig"}).Table 2Treatment changes in all patients.Table 2*n* = 30T0T1T1--T0T0T1T1--T0Mean ± SEMean ± SEMean ± SEMean ± SEMean ± SEMean ± SEAge (y)12.11 ± 1.13Treatment duration49.33 ± 3.74SkeletalDentalSNA (°)80.63 ± 0.6780.71 ± 0.670.08 ± 0.20Overbite (mm)3.46 ± 0.56−0.03 ± 0.34−2.34 ± 0.66\*SNB (°)79.89 ± 0.7879.25 ± 0.78−0.64 ± 0.17\*\*Overjet (mm)−2.75 ± 0.293.60 ± 0.446.35 ± 0.55\*\*ANB (°)0.73 ± 0.511.45 ± 0.460.72 ± 0.16\*\*U1-SN (°)102.89 ± 1.78112.87 ± 1.729.99 ± 1.32\*\*A to Nv (mm)−0.39 ± 0.93−0.33 ± 0.990.06 ± 0.35U1-NA (°)22.26 ± 1.5932.15 ± 1.579.89 ± 1.37\*\*Pog to Nv (mm)−2.72 ± 1.69−4.59 ± 1.70−1.87 ± 0.53\*U1 to NA (mm)2.57 ± 0.827.48 ± 0.804.90 ± 0.58\*\*FMA (°)25.83 ± 0.8226.79 ± 0.860.96 ± 0.29\*L1-MP (°)61.59 ± 4.1462.40 ± 4.070.81 ± 0.46Wits (mm)−5.78 ± 0.99−2.87 ± 0.782.92 ± 0.67\*\*L1-NB (°)29.27 ± 1.0126.48 ± 1.01−2.78 ± 0.91\*L1 to NB (mm)7.17 ± 0.706.78 ± 0.67−0.39 ± 0.26Soft tissueU6 to PP (mm)26.94 ± 1.5527.58 ± 1.580.65 ± 0.19\*U lip to E-line (mm)0.19 ± 0.751.20 ± 0.601.01 ± 0.52L6 to MP (mm)37.21 ± 1.7737.94 ± 1.710.73 ± 0.38L lip to E-line (mm)4.93 ± 0.974.91 ± 0.88−0.01 ± 0.42OP-SN (°)17.63 ± 0.9816.25 ± 1.01−1.38 ± 0.47\*[^1][^2][^3]Figure 4Overall treatment changes.Figure 4

[Table 3](#tbl3){ref-type="table"} shows the horizontal and vertical movements of incisors and molars. The upper incisors had a counterclockwise movement of 10°; the upper molars showed crown distal tipping movement; the lower incisors showed lingual tipping and intrusion movement; the lower molars showed pure intrusion ([Figure 5](#fig5){ref-type="fig"}).Table 3Tooth movement in all patients.Table 3*n* = 30T0T1T1-T0T0T1T1-T0Mean ± SEMean ± SEMean ± SEMean ± SEMean ± SEMean ± SEU1-SN-7109.89 ± 1.78119.87 ± 1.729.99 ± 1.32\*\*\*L1-SN-757.62 ± 1.4359.77 ± 1.212.14 ± 0.91\*U1 crown-V−106.37 ± 5.74−106.26 ± 5.500.11 ± 0.53L1 crown-V−103.54 ± 5.37−104.59 ± 5.43−1.05 ± 0.54U1 crown-H86.14 ± 3.8391.12 ± 4.284.98 ± 0.64\*\*\*L1 crown-H89.53 ± 4.0787.81 ± 4.01−1.73 ± 0.38\*\*\*U1 root-V−74.60 ± 4.06−75.99 ± 3.98−1.38 ± 0.46\*\*L1 root-V−130.27 ± 6.84−132.17 ± 7.01−1.90 ± 0.52\*\*U1 root-H74.86 ± 3.2173.56 ± 3.13−1.30 ± 0.70\*L1 root-H72.63 ± 3.3671.71 ± 3.28−0.92 ± 0.49U6-SN-779.92 ± 1.1975.04 ± 1.35−4.88 ± 1.16\*\*\*L6-SN-768.50 ± 2.2566.01 ± 1.00−2.50 ± 2.57U6 crown-V−96.77 ± 4.97−97.84 ± 5.011.07 ± 0.34\*\*L6 crown-V−98.06 ± 5.03−99.43 ± 5.16−1.37 ± 0.40\*\*U6 crown-H47.44 ± 2.1146.00 ± 1.96−1.44 ± 0.49\*\*L6 crown-H51.04 ± 2.4750.54 ± 2.43−0.590 ± 0.42U6 root-V−69.23 ± 3.74−70.61 ± 3.62−1.39 ± 0.55\*L6 root-V−122.65 ± 6.27−123.95 ± 6.45−1.30 ± 0.47\*U6 root-H52.51 ± 2.2553.45 ± 2.260.94 ± 0.42\*L6 root-H40.25 ± 2.4639.68 ± 2.30−0.58 ± 0.45[^4][^5]Figure 5Overall tooth movement.Figure 5

Pretreatment and posttreatment comparisons within groups {#sec3.2}
--------------------------------------------------------

[Table 4](#tbl4){ref-type="table"} shows that no significant differences were observed among the groups in age and treatment duration (P \> 0.05). The values of ANB, A to Nv, and Wits in Group 3 were significantly smaller than those in Group 1, and the value of U1 to NA was significantly larger in Group 3 than in Group 1 (P \< 0.05). Changes in overbite were more significant in Group 3 than in Group 1 because the mean overbite was approximately 4 mm at the beginning of treatment and became approximately 0 mm after treatment. Moreover, changes in the upper lip position were more significant in Group 3 than in Group 1, with protraction of 2.46 mm. The upper incisors in Group 3 showed significantly more superior crown movements than those in Group 1 did (P \< 0.05).Table 4Treatment effects among groups with different numbers of crossbite teeth.Table 4Group123P\*Number of patients8913Age (y)14.16 ± 3.2510.40 ± 1.1512.03 ± 1.53NSTreatment duration45.50 ± 8.0546.67 ± 3.5253.54 ± 6.83NSPretreatment ANB (°)2.96 ± 0.600.77 ± 1.11−0.67 ± 0.561,3 A to Nv (mm)4.64 ± 2.10−2.63 ± 1.09−1.92 ± 0.931,2; 1,3 Wits (mm)−1.39 ± 1.01−7.43 ± 2.50−7.35 ± 0.941,2; 1,3 U1 to NA (mm)−1.04 ± 1.232.40 ± 1.694.92 ± 0.861,3; 2,3Posttreatment ANB (°)3.16 ± 0.701.41 ± 0.980.42 ± 0.571,2; 1,3 A to Nv (mm)4.31 ± 2.30−2.77 ± 1.34−1.49 ± 1.071,2; 1,3 Overbite (mm)2.51 ± 0.721.52 ± 0.55−0.03 ± 0.311,3; 2,3 U1-NA (°)25.55 ± 3.0532.92 ± 2.7835.68 ± 1.861,2; 1,3 U1 to NA (mm)4.13 ± 1.267.91 ± 1.499.24 ± 1.061,3Change Overbite (mm)−0.31 ± 1.05−1.63 ± 1.11−4.09 ± 0.991,3 U lip to E-line (mm)−0.16 ± 0.49−0.04 ± 1.242.46 ± 0.621,3Tooth movement U1 crown-V−1.30 ± 0.92−0.28 ± 0.981.25 ± 0.761,3[^6][^7]

Regression analysis {#sec3.3}
-------------------

Linear regression analyses ([Table 5](#tbl5){ref-type="table"}) were performed with the dependent factors of treatment duration and overjet, overbite, U1-NA, and U1 to NA changes; independent factors were the other variables listed in [Table 2](#tbl2){ref-type="table"} and the number of crossbite teeth. When the dependent factor was the treatment duration or overbite, no significant change was observed (P \> 0.05). A considerable increase in overjet was associated with an increase in U1 to NA and a decrease in L1 to NB.Table 5Multiple regression analysis of measurement variable effects on overjet, U1-NA, and U1 to NA.Table 5*B*SE*t*POverjet U1 to NA (mm)1.020.0616.12\<0.001 L1 to NB (mm)−0.990.11−9.44\<0.001U1-NA U1-SN0.990.01148.16\<0.001U1 to NA (mm) Overjet0.940.0616.169\<0.001[^8]

Rates of upper incisor movements {#sec3.4}
--------------------------------

Calculations of incisor movement rates in the horizontal and vertical directions are shown in [Table 6](#tbl6){ref-type="table"}. The mean rate of upper incisor crown forward movement was 3.2 mm/mo, and those of root intrusion and retraction were approximately 1 mm/mo. There was no significant difference among Groups 1, 2, and 3 (P \> 0.05).Table 6Rates of upper incisor movement in horizontal and vertical directions.Table 6Rate\
(mm/mo)Group 1\
(*n* = 8)Group 2\
(*n* = 9)Group 3\
(*n* = 13)All\
(*n* = 30)PU1 crown-H3.10 ± 0.613.37 ± 0.743.14 ± 0.523.20 ± 0.34NSU1 crown-V−1.13 ± 0.58−0.34 ± 0.780.35 ± 0.43−0.14 ± 1.90NSU1 root-H−0.63 ± 1.23−1.13 ± 0.85−0.86 ± 0.63−0.88 ± 0.48NSU1 root-V−1.64 ± 0.79−1.81 ± 0.67−0.44 ± 0.38−1.17 ± 0.34NS[^9]

Discussion {#sec4}
==========

According to our review of the literature on anterior crossbite correction, many studies were case reports with photographs, and only two studies discussed treatment effects by using cephalometric analysis. Because the methods of skeletal and dental measurements and purposes of the study designs of the aforementioned two studies were different, their results could not be compared with our results.

In our study, cephalometric analysis showed that skeletal treatment changes were significant in SNB, ANB, Pog to Nv, FMA, and Wits; SNA and A to Nv exhibited no significant change. In other words, the mandible underwent clockwise rotation, and the A point remained at the same position after treatment. Regarding dental treatment changes, upper incisors showed proclination with uncontrolled tipping, upper molars showed distal crown tipping, lower incisors showed lingual tipping and intrusion, and lower molars showed pure intrusion. Moreover, mandibular rotation was caused by dental changes because the mandible did not significantly grow during the short treatment time. In this study, the treatment objective was crossbite correction, which was associated with overjet changes. Furthermore, overjet changes were considerably associated with the distances of U1 to NA and L1 to NB ([Table 5](#tbl5){ref-type="table"}). In addition, mean lower incisor backward movement influenced overjet changes. Although the lower teeth were not fixed with the orthodontic appliance, their movement was significantly influenced by upper tooth movement.

Studies have reported different treatment durations depending on the treatment method used. According to a review article,[@bib10] the treatment durations of anterior crossbite correction with removable appliances, cemented appliances, fixed appliances, and functional appliances were 1--5 months, 3--4 weeks, from 6 weeks to 3 months, and from 9 weeks to 15 months, respectively. In our study, 30 patients with one to four incisors in crossbite were treated in an average of 7 weeks. According to [Table 5](#tbl5){ref-type="table"}, [Table 6](#tbl6){ref-type="table"}, the treatment duration and the crossbite correction rate were not significantly different among the groups. This finding indicated that our treatment method was efficient and independent of the number of crossbite teeth.

Many treatment methods are available for correcting anterior crossbites, and each appliance has advantages and disadvantages. In this study, the LAFS required no patient compliance and efficiently achieved anterior crossbite correction regardless of the number of crossbite teeth. In addition, the LAFS was placed on the lingual side, and the appearance was more aesthetically pleasing than that of other fixed appliances. A disadvantage of using this appliance is palatal impingement occurring when the appliance slips from its original position. This problem could be resolved by maintaining the finger spring on the palatal surface of the incisor with a composite resin. LAFS may cause food impaction, but oral hygiene instruction could considerably reduce the possibility of periodontal inflammation. Some authors have asserted that an appliance with a bite plane for disocclusion is required to correct anterior crossbite. However, Graf[@bib11] reported that the total time of tooth contact in 24 hours was 17.5 minutes. In our study, anterior crossbites were corrected easily with no bite plate or molar restoration for performing disocclusion. Even in a deep overbite case, upper incisor protraction could be easily achieved in anterior crossbite correction.

This study introduced an efficient and stable method to correct anterior crossbite, and that was an important treatment progress in orthodontic treatment. In our study, 10 patients in early mixed dentition were followed up after crossbite correction. All of them had positive overjet and overbite after at least 2 years of follow-up; these treatment results were stable. Six patients had full-mouth orthodontic treatment when they were in permanent dentition, and four patients lost contact. The limitations of this study were the use of two-dimensional (2D) cephalometric films and crossbite tooth selection. A cephalometric radiograph is considered a 2D projection of 3D tooth movement. Computed tomography scans of children cannot be easily acquired because of parents\' concerns regarding radiation exposure. Two or more anterior crossbite teeth did not have the same response to the force of the LAFS; however, we examined treatment changes in only one tooth. For cases with more than one tooth in crossbite, the images of incisors could not be easily identified. Therefore, we chose the most anterior teeth in crossbite for representing the movement of crossbite teeth. The interval of return was 3 weeks or 4 weeks, and crossbite correction may be achieved at the 1^st^ week or 2^nd^ week. It would have error in calculation of treatment time, and the significant difference among groups may exist. It is the limitation of this study because patients would not return for checkup every day.

In conclusion, LAFS had an aesthetic advantage and required no patient compliance. Anterior crossbite correction did not need increasing bite appliances. Skeletal changes in clockwise mandibular rotation were attributed to dental changes. Age and treatment duration did not significantly vary among the three groups, and the mean treatment efficiency was satisfactory regardless of the number of crossbite teeth. Linear regression analyses showed an increase in overjet, which was associated with an increase in U1 to NA and a decrease in L1 to NB. In our study, anterior crossbite correction at a short period by using LAFS is efficient, and these cases were dental crossbite, not of skeletal origin.
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[^1]: \*P \< 0.01.

[^2]: \*\*P \< 0.001.

[^3]: A = A point; FMA = angle of FH plane and mandibular plane; L = tip of lower incisor ; Nv = N perpendicular line; Pog = pogonion; SE = standard error; SNA = Angle of S-N-A points; SNB = Angle of S-N-B points; U = Tip of upper incisor.

[^4]: \*P \< 0.05; \*\*P \< 0.01; \*\*\*P \< 0.001.

[^5]: H = tooth movement in the horizontal direction; SE = standard error; V = tooth movement in the vertical direction.

[^6]: \*Significant at P \< 0.05 level.

[^7]: ANB = Angle of A-N-B points; NA = connecting line of A and N; NS = not significant.

[^8]: H = tooth movement in the horizontal direction; SE = standard error; V = tooth movement in the vertical direction.

[^9]: H = tooth movement in the horizontal direction; NS = no significant group differences at P = 0.05; V = tooth movement in the vertical direction.
